INTRODUCTION {#sec1-1}
============

Surgical patients require effective intra operative as well as post-operative pain control. Epidural and spinal blocks are two major regional techniques with a long history of effective use for a variety of surgical procedures and pain relief. Spinal anesthesia is a simple method requiring small dose of local anesthetic agent to establish dense, immediate and reliable motor blockade,\[[@ref1]\] but precipitous hypotension and difficulty in controlling the level of analgesia are major disadvantages of spinal block.\[[@ref2]\] However, epidural block technique gives better control of the level of analgesia, lesser hemodynamic changes and can be used for postoperative pain relief by using different drugs such as opioids or local anesthetic agents. The combined spinal epidural (CSE) technique aims to prolong the duration of analgesia during intraoperative period and extending it to the postoperative period.

Use of neuraxial blocks for orthopedic surgery has increased rapidly during the last few decades, with increasing demand for postoperative pain relief and also to decrease the need for intravenous analgesic drugs during the postoperative period. CSE technique fulfills these demands to its maximum effect and is safer and more reliable analgesic technique. Various types of local anesthetics are used in CSE. Bupivacaine is a local anesthetic which belongs to the amide group of anesthetic agents that has been widely used for local infiltration, peripheral nerve blocks, spinal and epidural anesthesia. Various adjuvants have been added to the local anesthetic in an attempt to further minimize the side effects of the local anesthetics and prolong the duration of intraoperative and postoperative analgesia. Nalbuphine, a derivative of 14-hydroxymorphine is a strong analgesic with mixed k agonist and µ antagonist properties. The analgesic potency of nalbuphine has been found to be equal to morphine but unlike morphine, it exhibits a ceiling effect on respiratory depression. Nalbuphine has the potential to maintain or even enhance µ-opioid based analgesia while simultaneously mitigating the µ-opioid side effects.\[[@ref3]\] Tramadol, in contrast, is a centrally acting analgesic that has minimal respiratory depressant effects,\[[@ref4][@ref5]\] because of its 6000-fold decreased affinity for µ receptors as compared to morphine.\[[@ref6][@ref7]\] It also inhibits serotonin and norepinephrine reuptake in the spinal cord. It has the potential to provide effective postoperative analgesia with no risk of respiratory depression after central neuraxial administration.\[[@ref8]\] In our study, we carried out a comparative evaluation of bupivacaine hydrochloride with nalbuphine versus bupivacaine with tramadol for postoperative analgesia in lower limb orthopedic surgeries under CSE anesthesia.

MATERIALS AND METHODS {#sec1-2}
=====================

It was a prospective, randomized double-blind study in which 80 patients of American Society of Anesthesiologists (ASA) grades I and II in the age group of 20--60 years of either sex scheduled to undergo lower limb orthopedic surgeries under CSE anesthesia were included after the approval from the Institutional Ethical and Scientific Committee and after taking the written informed consent from the patients. Exclusion criteria were: Patients not willing to give consent, bleeding diathesis, on anticoagulant therapy, mentally retarded, patients suffering from asthma, cardiac, renal, hepatic and neurological disorders and morbidly obese patients. Preanesthetic check-up was done a day before surgery. Visual analogue scale (VAS) was explained during preanesthetic visit as 0 no pain, 1--3 cm mild pain, 4--6 cm moderate pain, 7--10 cm severe pain. All the patients were given premedication with tablet alprazolam 0.25 mg orally with a sip of water 2 h before surgery.

Technique {#sec2-1}
---------

The study was done in a double-blind manner by making 80 coded slips. The persons performing the procedure and carrying out the observation were blinded to drug solution injected. Decoding of drugs was done at the end of the study. The patients were randomly divided into two groups of 40 each. Preoperative baseline respiratory rate, pulse rate, blood pressure (BP), oxygen saturation (SpO~2~) and electrocardiography of patients were recorded. Intravenous line was secured and all the patients were preloaded with 10 ml/kg body weight of Ringer lactate solution over 15--20 min. After cleaning and draping with sterile sheet, L2-L3 intervertebral space was located and skin wheal raised by 26 gauge needle with 2% xylocaine. Tuohy needle number 18 was introduced, after 2--3 cm insertion, stylet withdrawn and air filled glass syringe was attached to the hub of the needle. The needle was advanced slowly till the epidural space was identified by loss of resistance technique. Then the epidural catheter was inserted. An epidural test dose of 3 ml of xylocaine with adrenaline was injected through the epidural catheter and observed for any motor block or rise in heart rate (HR). Then L3-L4 intervertebra space was identified and 23 gauge spinal needle was introduced. 2.5 ml of 0.5% bupivacaine heavy was injected intrathecally (in both groups). Surgery was started under spinal anesthesia. Level of sensory blockade was checked by pinprick and motor blockade by modified Bromage scale (0 = able to flex whole lower limb at hip, 1 = able to flex knee but unable to raise leg at hip, 2 = able to flex the ankle but unable to flex knee, 3 = no movement of lower limb). Bradycardia (HR \<60 beats/min) was treated with injection atropine sulfate 0.3 mg intravenously. Hypotension (fall in systolic BP \>20% of baseline) was treated with injection ephedrine as per requirement. Bolus epidural drugs were given at sensory regression to T10 in the following manner:

Group A: Epidural bolus of 8 ml of 0.25% bupivacaine + 2 ml of nalbupine (10 mg) diluted to make a bolus volume of 10 ml. For top up 5 ml of 0.25% bupivacaine + 2 ml of 1 mg/ml nalbuphine (2 mg) + 3 ml normal saline to make a total volume of 10 ml was given when VAS score became 4 or moreGroup B: Epidural bolus of 8 ml of 0.25% of bupivacaine + 100 mg (2 ml) of tramadol to make a total volume of 10 ml. For top up 5 ml of 0.25% bupivacaine + 2 ml of 10 mg/ml of tramadol (20 mg) + 3 ml of normal saline to make a total volume of 10 ml was given when VAS score became 4 or more.

Monitoring {#sec2-2}
----------

Hemodynamic parameters such as pulse rate, BP, SpO~2~, respiratory rate were recorded and monitoring was done every 5 min for first 30 min and then every 15 min till the end of the surgery in both the groups. Patients were assessed using VAS score every half hourly for the first 2 h then 4, 8, 12, 16 and 24 h after giving top up dose of the test drug for intensity of pain, HR, BP, respiratory rate and sedation score. The duration of postoperative analgesia was measured from the time of injection of the first epidural bolus to VAS score of ≥4. Total number and time of top up doses were calculated. Hemodynamic changes, sensory and motor blockade were checked for 30 min after giving top up doses. If analgesia was found to be inadequate even after three epidural top-up doses given 20--30 min apart, patients were given rescue analgesia with injection ketorolac 30 mg intramuscularly. Frequency and doses of the drugs like antiemetics and vasopressors were noted during surgery. Side effects like nausea, vomiting, urinary retention, pruritus, drowsiness and respiratory depression if the present were noted. Sedation score was assessed as: 0 = Fully awake, 1 = slightly drowsy, 2 = asleep but easily arousable, 3 = fully asleep but arousable, 4 = fully asleep but not arousable.

The data from the present study was systemically collected, compiled and statistically analyzed with the help of MS Excel, EPI Info 6 (Center for Disease Control and Prevention) and SPSS (IBM) to draw the relative conclusions. The patient\'s characteristics were analyzed using the Chi-square test applied to nonparametric data while the intergroup comparison of the parameter data was done using the unpaired *t*-test. The *P* \< 0.05 was considered significant and *P* \< 0.001 was considered highly significant. Power of study was calculated using power analysis and found to be 86.5%. The results were analyzed and blinding was opened at the end of the study.

OBSERVATION AND RESULTS {#sec1-3}
=======================

The demographic characteristics of patients were comparable between the two groups regarding mean age, weight ASA grading, diagnosis and duration of surgery \[[Table 1](#T1){ref-type="table"}\]. There was no significant difference in HR \[[Figure 1](#F1){ref-type="fig"}\], systolic BP, diastolic BP and SpO~2~ during intraoperative period among the two groups. The mean sensory block onset and a maximum motor block of Bromage scale of 3 were comparable in both the groups and was found to be insignificant. The total duration of postoperative analgesia of patients in group A was 380 ± 11.493 min and in group B was 384 ± 9.80 min. The total duration of postoperative analgesia in patients in group B was prolonged as compared to group A but found to be statistically non-significant. The epidural top up was given when VAS was 4 \[[Figure 2](#F2){ref-type="fig"}\]. The mean number of top-up doses given in group A was 5.08 ± 0.694, as compared to 4.90 ± 0.900 in group B and the difference between the two groups was found to be statistically nonsignificant. The mean sedation score were measured at an interval of 5 min for 30 min for first 2 h and then at 4, 8, 12 and 24 h \[[Figure 3](#F3){ref-type="fig"}\]. The mean sedation score was different in two groups with the difference being statistically significant and was found to be higher in group B as compared to group A that is, in tramadol group as compared to nalbuphine group due to ceiling effect of nalbuphine on sedation. Quality of surgical analgesia was excellent in 40 (100%) patients in group A, which was seen only in 36 (90%) patients in group B \[[Figure 4](#F4){ref-type="fig"}\]. It was also good in 4 (10%) patients in group B and this was found to be statistically significant between the two groups. Side effects like nausea, hypotension, bradycardia were comparable in both the groups and found to be statistically insignificant (*P* \> 0.05). The mean patient satisfaction score in the postoperative period in group A was 4.40 ± 0.871 during first 24 h and in group B was 3.90 ± 1.15 \[[Figure 5](#F5){ref-type="fig"}\] during the same period. The difference in two groups was found to be statistically significant (*P* \< 0.05). The patient satisfaction score was higher in group A as compared to group B.
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DISCUSSION {#sec1-4}
==========

Regional techniques, such as spinal and epidural anesthesia may offer advantages over general anesthesia including reduced stress response to surgery and analgesia, which generally extends into the postoperative period.\[[@ref9][@ref10]\] The CSE technique gives new dimension to the management of postoperative pain. Any mode of postoperative analgesia must meet three basic criteria: It must be effective, safe and feasible. In the majority of the patients after surgery, pain is not fully relieved with intravenous route of drugs.\[[@ref11]\] The discovery of opioid receptors in the brain and spinal cord started a new era in the field of postoperative analgesia.\[[@ref12]\] Bupivacaine is a local anesthetic, which belongs to the amide group of anesthetic agents that has been widely used for local infiltration, peripheral nerve blocks, spinal and epidural anesthesia. Various adjuvants have been added to the local anesthetics to minimize the side effects of local anesthetics and prolong the duration of intraoperative and postoperative analgesia. The duration of postoperative analgesia in patients with the addition of tramadol was more prolonged as compared to nalbuphine. The epidural dose requirement after VAS score 4 and the mean number of top-up doses in 24 h was found to be statistically insignificant in both the groups. Opioids were found to be synergistic with bupivacaine in reducing pain without measurably increasing sympathetic or motor blockade in dog modals.\[[@ref13]\] Nalbuphine is an opioid having agonistic action at kappa and antagonist activity at µ opioid receptors and provided reasonably potent analgesia in visceral nociception,\[[@ref14]\] was found to improve the quality of postoperative analgesia\[[@ref15]\] with fewer side effects. Verma *et al*.\[[@ref16]\] showed that postoperative analgesia was significantly improved by the addition of nalbuphine. Mostafa *et al*.\[[@ref17]\] used bupivacaine mixed with 50 mg tramadol and found that 23% of the patients had nausea and vomiting. This is inconsistent with our study as in group B, 22.5% of the patients had nausea followed by vomiting which is attributed to number of factors like µ receptor-mediated direct stimulation of chemoreceptor trigger zone and it acts as partial agonist at dopaminergic receptors.

In the present study the sedation score was higher in group B as compared to group A as tramadol acts as direct agonist at µ receptors which mediates sedation and nalbuphine acts antagonist at µ receptors and it has ceiling effect on sedation that is, additional sedation does not increase with increasing dose.\[[@ref3]\]

Because of fewer side-effects in nalbuphine group, patients were comfortable during sleep or routine activities, so patient satisfaction score was higher in this group.

CONCLUSION {#sec1-5}
==========

We conclude that both nalbuphine and tramadol were effective for postoperative analgesia when used epidurally in patients undergoing lower limb orthopedic surgery. However, nalbuphine group was better in terms of better quality of surgical analgesia, lesser incidence of side-effects and complications e.g. nausea, vomiting and sedation and better patient satisfaction score as compared to tramadol group.
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